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1.0 


INTRODUCTION 


This I'oport pi'oscu'cs data ohtairicd daring the conduct of the 
study program ''E'lBITABlLITY-CiU^MliNT CONCEPTS AND ENGINEERING 
DATA'*, NAS 9-10407. This study is a continuation of the ori- 
ginal contract - NAS 9-9563 - which defined the basic garment 
to be used in Space Station applications. The current study 
is concerned with the broader aspects of Habitability Techno- 
logy investigating such^areas as wardi'obe definition, fabric 
usage, laundry system concepts, wardrobe packaging, candidate 
fabric testing, and crewman ,sizing. 

These areas w'ere considered of minor importance during the 
earlier phases of space flight due to the relatively short 
mission durations and small crew' numbers resulting in negligible 
total system penalties. However, \,rith increasing vehicle size, 
mission profiles and number of crewmen, Habitability Technology 
is' emerging as a major design consideration and as such, must 
be investigated thoroughly. 

The "Handbook of Garment Selection Criteria for a Space Sta- 
tion" presented at the completion of contract NAS 9-9563 has 
been updated to include the results of the current effort and 
has been retitled to reflect the broader scope of this study. 
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2.0 




The study program ''HABITABILITY-G'\RMENT CONCEPTS AND ENGINEER- 
ING DATA" NAS 9-10407 has been completed and rhe results of 
this study effort are contained herein. The tasks investiga- 
ted under this contract were: 

Task 1 . VJdrdrobe Definition 

. • •• * 

Task 2 Fabric Usage 

• Task 3 Laundry Systems 

Task 4 ■ Garment Packaging 

Task 5 . . Fabric Testing. 

Task 6 ’ . Crevz Sising 

Task 7 Hand Laundry Concepts 

In addition to the study outputs associated \vd.th the listed 
tasks, mockup items vrere fabricated and delivered to NASA, 
These items were as follows; ' ’ . - 


(a) Representative wardrobe consisting of: 


. Duty Garment 

Sleep Garment 


Leisure Garment 

Special Duty Garment 


. Exercise Garment 

Transfer Container 

(b) 

Waste storage container/ 

. 

(c) 

Laundry container. 

• 

(d) 

Cre'i\'man sleep restraint. 


(e) 

Hand laundry systems (2). 
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The study was conducted in accordance with the study plan 

9 

(BW-I65) prepared at the start of the program. All study 
results arc srmmarizied \ln the task descriptions contained 
in this repoi'f and pertinent data obtained during the con- 
duct of this study effort has been, incorporated into the 

revised handbook. The laundering testing effort was sue- 

^ * ' 

cessfully completed and the Mechanical Test Plan and Mechani- 
cal Test Procedure 'were both delivered to NASA along with 
the necessary fabric items required to perform the mechani- 
cal test portion of this program.. 
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3.0 • STUDY TASKS 

Six basic- stud}'' areas were defined in the study plan and are 
discussed in detail in 'cliis section, of the report, A seventh 
study area^ Hand Laundry Concepts^ was added during the latter 
part of the program and^ for continui.'ty the data resulting frorr 
this effort \rill be contained ii}, the Task 3 “ Laundry system 
portion of this report rather than in a separate section. 

- Task 1 is concerned with the determination of the total wardrobe 
requirement of a space sta-bion-crew. Wardrobe systems are dc~ 
fined as well as the rationale for their selection. The total 
system impact in the areas of wardrobe weight and volume is 
assessed as well as the impact on the space station of the ^varc— 
robe ancillary items. 

Task 2 presents the investigation of the use of fabric in the 
design of space station accoriimodations and accessory items. Typi- 
cal fabric items required to support the space station and their" 
weight and volume impact on the systsin are discussed . 

In Task 2 > laundry systems v/cre evaluated for use in a space 
station. Conceptual designs of typical laundry systems are pre- 
sented along with their weigh'Cj volumc> and power .'Impact on the 
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total space statioii complex. Alternate methods of water recla- 
mation ax-e discussed with an assessment of their relative appli- 
cability for use in a space station environment. This section 
also contains the tas)c 7 effort- Hand Laundry Concepts. 

Task 4 was an evaluation of garment and wardi’obe packaging. Gar- 

- - * 

meat folding techniques j rolled versus flat folded^ are compared 
and standard versus vacuum packaging are discussed. Modular 
packaging techniques are discussed and the \^'ardrobe transfer 

volumes outlined. In additionj an assessment of the space sta- 

> ' 

tion wardrobe stoi’agc volume is made based on the results of 
the Task-1 effort. 

■ Task 5 was a testing effort that investigated the effect of 
laundering on the physical characteristics of candidate mater- 
ials and the response of certain select materials when exposed 
to thermal testing. The data obtained from the testing effort 
supplements the ana].ytical data contained in rhe original hand- 
book. 


Task 6 is an evaluation of a garment sizing program for use in 
space station applications. Basically^ it is an updating of a 
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study program conducted in the 1950's for personnel on flying 
status and was undertaken to be more representative of the cur- 
rent astronaut /scientist population.- This effort also outlines 
the major bodily measurements essential to the sizing of clothing. 

Task 7 evaluated various hand laundr}’- concepts hnd resulted in • 

the fabrication of two such concepts. Hand laundry systems 

are of importance ^v'hen considering small laundry loads, on the 

order of five pounds or less, due to their relative small im- 

\ 

pact on the space vehicle design. The results of this study 

> 

effort are contained in Task 3 ~ Laundry System to maintain con- 
tinuity. 
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3.1 


WARDR03E DEFIiXlTIOiN^ 


During the Mercury^ Gcmiiii, and Apollo flights^ x^ardrobe sys-^ 
terns were relatively meager . VTitii garments serving a multiple 
function. With the increase in space vehicle siao, mission 


durations, and crewmember numbers, a need arises to provide 
a more diversified wardrobe for the cre^an. This task effort 
ms concerned _mth the definition of a typical wardrobe system 


and was based on the following duty cycle: 


hy giene 

sleep 1 breakfast duty 

/ 1 1 i- 1 

dinner hygiene 

lunch ducy exercise i recreation! sleep 

1 If 1 / 

V 




! 


1 — 

1 

! 

i 

k-A- '.n 


■ —trn 

1 

Si\\\" T 


V/ith the dutj'' cycle defined, the wardrobe system was deter- 
mined based on the various functions to be performed during 
the duty cycle. Design justification sheets vrere generated to 
summarize the particulai- garment items, function, candidate 
materials, selected configuration; and the rationale behind 
the selection. These sheets are contained in Appendix A of 
this report. 


The resultant wardrobe v;as comprised of the following items: 
(a) Duty garment •- uniform dress for on-duty crewmen. 


! 



(t) Leisure garment - non-uniform dross for off-duty 

and recreational periods. 

(c) Exercise garment - loose fitting clothing designed 

for comfort diu-ing exercise per- 
iods. 

(d) Sleep garment - added insulation for comfort dur- 

ing sleep periods. 

(e) Special dutj’' garment - special garment worn during' 

performance of critical functions. 

Figures 3-1.1 through 3.1.5 a-te a representation of the gar- 
ments to be used in a space station application. 

GARMENT IMPACT ON SYSTEM BESIGN 

The impact of garment weight: and volume on the space station 
system was evaluated and an example of the analj’-sis technique 
is presented herein. To arrive at the v;ardrobc total weight 
and volujne requirements;, certain ground rules or baselines 
were established. The first determination made v.'as to use 
washable garments as opposed to disposable garments. The ra- 
nionale for this selection is contained in the tradeoff study 
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of Appendix B. rhe crew compliment v,'as established at 12 \o.th 
mission durations of 180 days. The garment change rate was set 
according to the following arbitral^'- schedule: 


Garment 


Change Interval (days 

J acket 

- 

3 

Trousez' 

■ 

3 

Shirt 


1 

Briefs 


1 

Socks 


1 


The wardrobe quantity for a duty garment system v;as then deter— 

V • 

mined based on a 7 day wash cycle and the results are as follows: 


iim 

CHANGE KATE(Days) 

QUANTITY REQfD 

Jacket 

• 3 ’ . 

3 

Trousers 

. ■ .-'3 

3_ 

Shirts 

V. -1 

■ 8 

Briefs 

• -I. 

8 

Socks 

' : '1 . ■ 

8 


Referencing the Design Justification Sheets of Appendix A, a 
cotton or cotton blend material was selected for use in the 
fabrication of the duty garment items. Based on the measure- 
ments of the garment moclcup wa-rdrobe (medium-regular) presented 
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under this contract, the weight of this material for the parti- 
cular duty garments listed above were: 




MT^L BEQ'D 



GiUlMEST 
UKIT WTo 
(Lbs) 



Jacket Cotton- 4 . 2.7 0.8 2.4 

Dacron 

f 

Trousers Cotton- 6 ' ^-3 l.OJl 3*1 

Dacron 


Shirt Cotton- 4 '1.7 ■ 0.4 3-2 

Brief Cotton 2 ' ' 0.2 0.2 1.6 



Shoes Soft Leather - ' 0.3 0. 3 

Total dutj’- garment system weight^ , 11.2 poxmds 


Adding the v/eights of the leisure garment, exercise garment, 
sleep gannent, and special duty garment results in a system 
weight (per crcwnaii) impact of 25 . pounds, occupying 'a volume 
of 838 1K3. Wardrobe transfer envelopes and storage volumes 
are presented in the Task 4 - Packaging Study portion of this 
report. 

3 . 1.2 GARME?rr SUPPORT ITEMS 

The ancillary items required to support a v.’ardrobc si’^stera con- 
sists of such items as hangers,, garment restraints, clothing 
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organisers and garment laundry/stora.ge containers. Depending on 
the concept selected for ^/ardrobe storage and maintenance, the 
impact of ancillary item './eight a.nd volume can range from a mini- 
mum of 20 pounds using a hand laundiy and a 10 pound laundry load, 
to a raaxinum of 800 pounds utilising an automatic laundry s^’-stem 
\/irh water recovery capabilities and a 20 pound' laundry load. 

The selection of tlie optimum system is dependent upon the parti- 
cular mission requirement and can be made only at the time of 
mission definition. 

Figure ' 3 . 1.6 depicts typical garment restraint devices for Space 
Station use. Schematics of tj'pical laundry systems arc presented 
in section 3-3 of this repox't. 

Figure 3-1-7 is a representation of a -typical garment flow cj’’cle 
from garment fabrication to .final usage Each step of the cycle 
i.s defined as follows;. 

Fabricate Garment — The ba,sic rav; material is fabricated into a 
particular garment according ‘to the sice requirements of a parti- 
cular cre\7, and in "enovigh quantity to supply the crev.’’ and have 


spares as baclcup items. 



FIGURE 3.1.6 GARMENT RESTRAINT DEVICES 


ii / ^ 111 

(|j Adjustable ijl 


ji Pants 
lii 1 Hanacr 


I 


a 



HANGER 


CLIP BOARD 
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Jackets 
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“7 ! ^ Shirts 


! r-n- 
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CLOTHING ORGihNIZER 
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Packa;g:e Vi^ardrobe The wardrobe va.ll be packaged in accordance 
with functional groupings, that is, duty garments will be pack- 
• agcd as a group, Icisui^c garments as a group’, etc. This v.dll 
.allows select garment re-supply as demand dictates rather than 
having no ship a complete wardrobe when only one garment type 
is required. . 

y 

Store Wardrobe - Garment items ^/ill be stored in functional 
■ groupings ready for transfer as required to the using facility. 

% 

Transfer h’ardrobe - iftien needed the garment items will be 
transferred to the Space Station or the using facility as re- 
quired to fulfill mission requirements. 

Space Use - garment items are received and used in the space 
station complex. 

Garment Inspection - Afrer return to Earth base, each garment 
is inspected to determine condition for reuse. If considered 
reusable, the particular garments wdll undergo a* design change 
cycle and be cycled back xnto' the garment flo’w sequence. If the 
garment is deemed not reusable, it is discarded. 
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3 * 1.3 


WARDROBE STYLING 


Wai'drobc styling has been mainly predicated on persona.1 pre- 
ference in the earlier space fligh.ts> however, with extended 
missions and larger crews, garments can serve a more function- 
al, role .in providing ease of recognition through select color 
coding or styling. This particular coding pattern can be es- 
tablished on a duty basis or a farlc basis or a combination of 
both which \rould then allow a much easier method of identifi- 
cation of personnel. 


In summary, the wardrobe required for a Space Station appli.oa— 
tion has been defined, material of construction selected, v/ax*d- 
robe weight and volume impact on the Space Station system as- 


sessed, and wardrobe support systems have been outlined. Once 
a mission profile has been defined, the data presented herein 
and in the revised handbook, will be useful in assisting in the 


selection of a crewian v.'ardrobe system. 
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3.2 


FABRIC USAGE 


The previous section of this report \'«'as concerned vath a ward- 
robe system designed eo bo worn by the crexvinan, however, with 
the increase in the physical size of space vehicles, there will 
bo a need for fabric items to satisfy additional rcquircTncnts 

■ outside the personal wai;drobc. This task investigated the Space 

*• * 

Station fabric requirements- and the results of this study arc 
, contained herein. 

The \ise of fabric in Space Station acconmiodations and accessory 
items have a }najor weight advantage over their contemporai^’- non- 
fabric (plastic, ferrous, non-ferrous metals, e,tc. ) counterparts. 

The flexibility of fabric items also enhances their applicability 
- to Space Station use as well as pi'oviding secondary benefits in 
• the areas of sound absorbency, ease of fabrication, maintenance 
and compactness. 

The stringent flammability requirements imposed on current space 
related fabric items will be somewhat lessened for Space -Station 
use due to the change from a more hazardous environment to a more 
earth-like environment within the space vehicle. This results 
in the consideration of more types of fabrics (woven and non-woven.) 
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other than the accepted costly fire-crit cria materials. De- 
sign factors si\ch as fabric toxicity^ flame propagation rates, 
and ignition points will not be neglected but rather, factors 
such as material wear, utility, availability, ease of fabrica — 
tion and cost will take on greater significance in the fabric 
selection process. 

For the purposes of this study a four-level space vehicle, with 
a 12- man compliment ^■/3.s assumed. The physical layout of the 
space vehicle was assumed to be: 

, Level 1 - Wardroom and medical section. 

Levels 2 and 3 - Staterooms and hygienic section. 

Level 4 - Experiment and controls section. 

The fabric items contained in the mess section of the wardroom 
■ • will include a compartment separator to isolate the w'ardroom 
from the medical section; chair coverings used to support the 
crewmen during recreational and/or eating -activities; restraint 
devices to immobilize men and equipment when required, and nap- 
kins and wipes used by crev.TOau. The medical section v/ill con- 
tain a coucb cover and an examining tabic cover; chair covers, 
and a lavator 3 ' separator. The ‘individual fabric items used in 


22 



a medical laboratory (s\i?abs, compresses, slinks, etc.) re- 
quires a detailed study effort and was considered beyond the 
scope of tais task effort. 

The stateroom. sections of level’s 2 and 3 will require couch 
and chair coverings; a compartment separator; individual bed- 
dip^g; laundry container; waste storage container, toiletry kit; 
towels, and individual cre\mian handlcerchiefs. 

Level 4 " experiments and controls section wall require chaii-' 
coverings; restraint devices and section separators- Individual 
experiment packages have not been considered in this study. 

Figure 3.2.1 is a pictorial representation of the various fab- 
ric items that w^ere considered for space station use. The ma- 
terial weight and areas are based on single unit quantities. 

The fabric to be considered for Space Station use must be eval- 
uated on the basis of availability, w'ear resistance, comfort^ 
ease of fabrication, and cost. Fabric item construction is ' 
dependent on the particular application but generally in the 
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FIGURE 3 . 2.1 FABRIC USAGE 
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case of space vehicle accessory itemsj fabric sxx’cngth as in- 
dicated bjr the fabrics performance under similar conditions^ 
rakes on a major importance. 

Fabric color i^ill be dependent on the general decor of the 
space vehicle or may be considered in functional grouping for 
ease of identification and/or for aesthetic reasons. For ex-.. 
ample, chaj.r colorings may be varied in a grouping to break up 
the monotony of monochromatic styling and napkins may be assigned 
a red hue while wipes may be green. Space vehicle intent or col- 
or.") ng must consider psychological as v/ell as functional rea- 
sons and was beyond the scope of this task effort. 
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3-3. 


LAUNt)RY SYST]->fS 


The earlier manned space flights - Mercury, Gemini, Apollo ~ 
were I'clativcly short dur<vcion missions requiring a minimal 
personal wardrobe foi’ the crc\mian. The garment items provided 
served a multiple function and \\'ere discarded at the comple- 
tion of the mission. With the extension of mission timelines 
and the increase in crew nunibcr, the penalties imposed, mainly 
W'eight and volume, on the Space Station system become prohibi- 
tive if the evu-'rent techniques are maintained. To minimize 
the impact of larger crew v.'ardrobes, a laundry system must be 

■* ■s 

developed for Space Station use. 

This task effort investigated la.undry systems which, although 
considered state-of-the-act systems, have applicability for 
use in a space environment- ' ■ 

In the evaluation of a laundry system the impact of weight, 
volume, power usage, and interface requirements beween the 
space vehicle and selected system must be considered in conjunc- 
tion with the actual laundry hardvra.re design. This results in 
the design of an opthnum system with minimal impace on the en- 
tire Space Station complex. In this study, laundry concepts 
that result in the least impact on the entire S3''Stcm were in- 
vestigate d. 
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Currcm: cleaning methods were evaluated to determine their 
applicability'' to Space Station use^ Present day laundering 
systems reouirc a gravity field within wJiich to operate effec- 
tively > therefore^ a standard washing machine cannot be used 
iia a Space Station application that is operating in a near 
soro-gravi'ty field, Majcr modifications would b'e required 
to use an existing design. The theory of cleaning and the 
mechanics of soil removal were studied in conjunction A-zith 
determining the tj'pes of soils anticipated in a Space Station 
environment. These factors have a direct bearing on the de- 
sign of the laundry water recovery and storage systems. This 
task evaluated laundry systems varying from hand operated to 
completely automatic with closed-loop water recovery capabi- 
lities . 
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3 . 3-1 


SYSTil^'I DESIGN GROUND RULES 


E'er this study effort certain ground rules were made that esta- 
blished the baseline design. In the case of a hand laundry 
system, the laundry load was considered to be less than 5 pounds 
per man on a seven day Jaunderihg cycle. The composition of 
the laundry load was considered to be shirts, socks, and briefs 
\Vith jackets and trousers C5:cludcd. For the automatic laundry 
system the laundry load ira.s considered to be 20 pounds/man on a 
weekly laundering cycl.e. This laundry load was composed of 
jacket, trouser, shirt, briefs and socks. Other washable fabric 
items, such as. sheets, towels and washcloths can also be laun- 
dered by either the automatic laundry system at the same time 
• as the garment items, or v/ith the hand laundry system separate 
from the garment, items, for both concepts the solvent considered 
for use was Abater. The selection of the detergent to aid the 
^\’ater in soil removal has not been determined and requires an 
in depth evaluation, beyond the scope of this task effort, to 
determine the optimum detergent to be used in a Space Station 
application. 
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HAND LAUNDRY CONCEPTS 


Hand laundry concepts were evaluated for use v/itb small laundry 
loads^ on the order of. 5 Ibs/ma-n. or less. This type system is 
adequate for cleaning such items as shirts, briefs, and socks .. 
but would be limited in ^its ability to launder the larger items 

f r ' 

such as jackets and trousers.- A. laundry system of this type 
relies on the cre™an to provide the agitation required to 
assist in soil removal. This imposes a burden on the cre\flnan 
that, depending on the laundering cycle, can prove to be prohi- 
bitive, For this reason, haxid laundiy S 3 ''stems must be considered 
a.5 a lii'jiited use iteiii and a higher degree of sophist;icat3.on is 
required in a laundrj'- system for use in a Space Station. 


Figure 3. 3-1 depicts two hand laundry concepts considered for 
Space Station use. Alternate systems such as vibratory agitators, 
chemical/phjrsical effervesing tablets, rotary hand-cranlc and 
pneumatic-vacuum systems \/cre investigated but found not appli- 
cable for this particular use due to complexity of design, low 
reliability, and/or ineffective cleaning action. 





raCURE 3^.1 HAND LAUNDRY CORGEPTS 
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3 - 3.3 


AUTOIATIC laundry Sy.STEMS 


The need for a laundry system to support a ].ong duration;, mul- 
tiple crew Space Station has been- presented and this task effort 
•investigated various concepts that are applicable for use in a 
Space Station environment. 

A trade study v/as conducted, at the beginning of this task eval- 
uating the solvent to be used in a laundry system. Due to the 
toxicity and flammability hazards present when using standard 
cleaning solvent like Stoddard solvent and perchloroetlij'-lencj 
water was -selected for use in 'this application. 

Water can be considered the most important single component in 
the system and, through its solvent action, mter alone is an 
' effective and complete detergent for a large percentage of the 
soils that are anticipated in a Space Station. Water functions 
as a wetting agent tha-t penetrates the soil-fiber interfaces, and 
carries away the separated soil- -Water also aids in transmitting 
the mechanical energy developed by the ^\ra-sher agitator to the 
fabric-soil interface and assist in reducing the soil particle 
globu3.e size for stable dispersion. Lastly, water is the oldest 
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and only self-sufficient detergent’, soaps, synthetic detergents, 
and builders have been developed primarily for the purpose of 
improvjaig the a-ctions that water and mechanical agitation, for 
the most part, are capable of doing alone. From a system stand- 
poinr, \,’ater imposes the least penalty on the space craft 
environmental control system. 

The selection of soaps and/or sjaithctic detergents for use in a 


Space Station laundry system 
analysis, ho v, 'ever it forms’ a 
Current water recovery 
a detergent Miranol (Kiranol 
application, 

3 . 3 « 3.1 SYSTEMS GROIM) RULES ’ 

The ground i^ules established 
■ follows; 

, Typical load sise „ , . , . 

Crew size . . . 

, Max. laundry cycles/day, 

Kash. cycle time . 


has been invest.igated in a cursory 
basis for a complete studj”" of its ■ 
systems are being evaluated ^vith 
Chemical Co.) for possible space 

for the laund]T system were as 

20 pounds per cremian based on- 
task 1 evaluation. 

12 men/laundry 'system. 

2 to minimize impact on spacecraft 

water reclamation sj^stein. 

40 minutes - based on recommendation 

of the Americai\ Institute of Laiuider- 

ing and initial estimates. 
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.3.2 ‘ WASHER SELECTION 

. In the design of a laundry washer, the impact on the spacecraft 
water reclamation system is o'f priinary concern. From this 
baseline, various concepts‘'can be evaluated. In this study, the 
following A\’asher concepts were evaluated. These concepts wei^e 
considered primarily to ' investigate the system impact on the 
Space Station more than zo arrive at a final system design. 

Rotary \^'asher. 

. ‘ Oscillatory washer. 

Ultras oni c va. sb er . 

. Vibratory washer. ■ 

. . Water jet. ' 

, Dry cleaning 

‘ From the preliminary evaluation, the vibratorje and ultrasonic 
'concepts v;ere eliminated from further study due to the high power 
requirements for this type system and the lack of success in 
this application due to the dampening action of fabric items. 
Drycleaning was discarded due to the hazardous cleaning sol- 
• vents required for this S3''stem. • The rotary type system^ al- 
though imposing the' leas t penalty on water visage rate, would re- . 
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quire analysis that^ according to the task ground rules, was 
considered beyond the scope of this study, A system of this 
rype can be developed for use 5.n a- zero gravitj'- environincnt and 
can be the basis for a future study effort. The water jet concep 
requires select positioning of clothing to effectively remove 
soils and demands high v^Ster usage rates which impose undue 

j ^ e 

penalty on the' water recover}’" system. The remaining concept, 
the oscillatory washer, is the recoinmended system for use in 
the Space Station based on present v/ashcr technology. For zero 
gravitj'- operation, the v/ashcr nub is filled completely v/ith 
water and the mechanical agitation is imparted to "che v;ater in 
an oscillator}'" manner or can be combined with other types of- 
motion (corkscrew, transverse,' etc) to effect the cleaning ac- 
tion. This task considcred.only the oscillatory motion, alter- 
native methods can he evaluated in a fixture S"cudy to optiiuize 
the system. - ; ■ 

The ^/ash cycle was determined based on an evaluation of data 
prepared by the American Institute of Laundering concerning the 
proper cycle to use for the cleaning operation of fabric items 
in this particular application, • 
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This cycle considers the anticipated soiling characteristics of 
a Space Station Enrii'onment. 



An evaluation of single cycle washi.ng should be Tiiadc during the 
conduct of a future study effort concerned with obtaining basic - 
laundering data, A single wash- cycle will have obvious advan- 
tages over the dual cycle in water usage rates and in reducing 
laundry times , 

Figure 3.3.2 is a representative drawing of a rotary washer con- 
cept. 

Figure 3.3.3 depicts an oscillatory type washer system. 

Figure 3.3.4 represents an ultrasonic system. 

Table 3.3.1 compares the various systems evaluated in this study 
effort. 
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- LOAD FACTOR ,• - ■ '2.5 LB/FT^ 



f, 



T-ffilGHT 

■ ’ TUB VOLU>ffi 

- POV/'ER 
. • WATER 

■ • SUDS 

RIRSE 

PROBLEM AREAS 


50 LBS. 

■ 8 FO'^ 
'345 WATTS 


190 IBS. 

•140 LBS/CyCLE 



|i ' Ivequircs a gravity field to operate px'operly. 

ii 

(■ 

if 

f Revision for space use would be costly. 
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FIGURE 


3.,3’.3 OSOILUXOKI V/ASHFR S^STE>; 



FEATURES ■ . _ 

ID/iB FACTOR ‘ 3-3 LB/Fr 

T'/EIGKT ' - ■ '44 LBS 

TUB WLUME . . 6 FT" 

POVJER . ‘ • 535 WATTS' 

WATER 

SUBS ■ 300 LBS 

: RINSE ■ ■ ■ 250 LBSo 

DOES KOT REQUIRE GRAVITY 

/ 

PROBLEM AREAS 


Relativclj’’ bigR \.’a.tcr usage. 














FIGURE 3.3.4 ULTRASONIC SYSTEM 
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FEATURES 

LOAD FACTOR - 

WEIGHT 

TUB VOLIDIE - 

POWER - 

WATER! 

SUDS - 
RINSE 

PROBLEM AREAS 


. A.gitarion provided 
by cavitation of solvent 

, Presently used' to 
€ . 

clean rigid items. 


2.5 Ib/ft.^ 

55 lUs. 

8 ft^ 

5500 Watts 

425 lbs. 

375 lbs. 


No successful application made foi’ clothing. 


u 

•t 
r 

*i.U fs,^ U.»W. - 


High power requirement. 


. Sound intex'f crence 
-'Estimated ~ for comparison only 
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TABLE 3 . 3.1 V.’ASH]v:^ SYSTEMS COMPARrspy 


SYSTEM 

CRITERIA^'"-..^^^ 

1 ROTARY- WoSCILLA- | 

i WJATER |tORY-W'AT5R 1 

1 ^ 1 

H f 

ULTRASONIC 1 DRY CLEAN- | 

WATER 1 IKG 1 

t 

r !> 

WEIGHT (POUNDS) 

1 

50 1 ■«'. 

' 1 1 

55 \ 62 1 

? 1 

i POVNIR (WATTS) 

1 • . ' 

' 

345 

535 

. ■ 
t 
1 

s ^ 

^ 1 

5500 1 • 640 1 

1 1 

I VOLUME 

[ (pt3) 

■ 

8 

; 6 , ■ 

1 

1 « 

1 1 
■ 

1 10 

1 

[ WATJiR SOLVENT 
i PER CYCLE 
\ (POUNDS) 

" 

i 

1 

330 1 550 . 

. P ' . . 

1 800 

\ 

: 1 
1 790 1 

L___J 


A DRAWING OF A TYPICAL OSCILLATORY WASHER SYSTEM IS SHOW'N ON 
W^ELSON DRAWING BW-2006-001 ifrilCH V/AS SUBMITTED AT THE HIDTERN 


PRESENTATION. 





CO 


•3-3- SELECT3:oN 

The laundry system dr3>"er concepts investigated were: 
. Heated gas with tumbling a'ctibn. 


. Vacuum desorption. 

, drj’’. . 

r * 

The candidate system recomiiiended^ for use in a Space Station 
application is the heated gas- tumbling concept^ with the 
'tumbling action imparted by strategically placed, sequenc- 
ing hot air nozzles. The vaca\u]!i desorption teclmique is not 
applicable for this use due to>high water v.'astagc, on the or-, 
der of 1/4 to l/2 pound .p.er pound of clothing and to v/ater 
sublimation when exposed to high vacuuni causing ice formation 
on the fabric material and on the equipment. To prevent this, 
a higlily sophisticated sysrem would have to be developed.- Drip 
drying was discarded based on the penalty imposed on the Space 
Station ECS to either remove the moisture directly from the 
fabric material which may result in unduly high cabin humiditj" 
levels or by haA’ing to provide, a separate compartment and asso- 
■ ciated equipment to effect drying of the fabric items v.'hich re- 
sults in a higher degree of sophistication than is justified. 


Figure 3>3-5 depicts the candidate laundry S 3 ''.stem dryer concept. 
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FIGURE 3 . 3.5 IIEATFD GAS SRYER SYSTRM 



Condenser 


FEAmES; 


TffilGKT 70 pounds 

POWER 220 Watts (20,000 BTU Thermal) 

VOLIPIE 10 Cubic feet. 







3-3*3-4- V/ATm PROCESSIKCt 


The wa-cei' processing sj’^s’fcein req'aired to support the laundering 
concepts can be designed, no iircerfacc ’ivith the Space -Sta-cion 
water management system or be a closed looi^j self contained 
unit. This decision must await a- systems analj'-sis based on 
the final configuration of the Space Station and associated 
support equipment. In either caso;, the water used in this 
laundering cj^cle must be proeessed for reuse to minimize the 

weight penalties ijuposed on the Space Station- 

^ * 

The laundering proccess \va.ter f3.ow diagram is as follows; 
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Water is transferred from the laimdry system holding tank 
to the \s’asher where it is used in the v;ash cycle. At the 
end of the cycle j dirtj’' water is Returned to the storage 
tanlcs and retained until it is processed tlu'ough the water 
recovery S 3 ’'stepi where impurities are removed and clean water 
returned to the holding tanies for future use. To minimise 
the jjnpact'on the spacecraft water recover}'' system? the wash 
water- suds can be filtered out and only the rinse •v/atcr pro- 
cessed thro\3gh the water recovery system. Water extracted 
during the drying cycle is- also returned to the storage' unit 
for future use. Figure'3*3>6 depic'cs a typical laundry water 
storage system. To minimize the impact of laundry watci' pro- 
•cessing on the Space Station v;atcr management system? the laun- 
drj'' s 3 ''steiti will incorporate holding tanlcs? as depicted in 
Figure 3.3-6? to limit and control the quantity of “dirty” 
mter to be processed and to jii'ovide an, adequate suppl}^ of 
•water to perform the washing task.. This imit wiLl allows simul- 
taneous operation of the laundry S 3 'Stem while water used in an 
earlier wash c 3 ’-cle is being processed to remove impurities such 
as detergent? soils? and lint. Make up water to replace that 
lost iiiL.thc dr 3 ''ing cycle v/ill be provided by the Space Station 
water supply. 







-f 


FIGUr\£3.:.6 L-UiN^Y WATER STORAGE SYSTEM 
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The v/ater reclamation systems investigated for possible use 
in -the Space Station are shovm in Figures 3.3.7j 3-3*8 and 
3*3*9- Table 3*3*2 is a system comparison and Figure 3*3*10 
depicts the complete candidate laundry systems. 
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\-}AWX FILTRATION SYSTJ^M DESCRIPTION 


Wa-cer is reaiovcd froja tlie washer/drj^er unit; and pumped through, a 

filter that traps the solids entrained aja the wash ^^^ter. As shovm 

* 

in figure 3*3»;> the wash water is then passed through an activated 
charcoal canister where sour odors arc removed and then passed through 
a bacteria filter that is used to keep the bacterial gro\rth v/ithin 
acceptable limits by use of additivcij or ultraviolet light techniques* 
The water is then returned to the laundry storage tank for futw'c 
use. The activated charcoal canister and bacteria filter can be 
vacuum purged for long life usage. 

This system is limiited to the removal of solid particulates in wash 
water only, and wall not perform satisfactorily mth ionic detergents. 
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TO 

VACUUM 


TO 

VAC-JUM 


FIGURE 3 . 3 . 7UATER FILTRATION CONOFPT 

WATJiR 

•FROM 

. STOR;\GE • , . 

■ V • 

■ n ■ ■ 


SE32ITS 

FILTER 


PUMP 


ACTIVATED 

CHARCO/iL 

-CANISTER 


■ BACTERIA 
FILTER 




FEATURiLS ■ ' . , 

- FILTR.VTION OF SOLIDS (ONLY) IN RINSE NATJiR.’ - 

- ViEIGHT PSN.\LTY: ; 

BASIC SFS'-fEM ... 30 LBS. i ' 

E.XPEND.VBLES 33-6 LBS. 

Per 180 days 

- POV.’ER ... 20 - 30'N.-VTTS 

- rOSQUIPES SPECIjVL DETERGE.NT SELECTION 

(OR NONE :VT -AIX) . • • • . 








rRECIPITATlON-FILraATIO^r CONCEPT (REF. FIG. 3- 3- 8) 


The wash water is -puiuped through an acciyniilator containing a chemical 
additive used to precipitate electrolytes^ then through a filter 
where solid particles are collected. The ’'clean” water then passes 
t'iirough a canister containing activated charcoal where the odors 

are removed^ then through a bacterial filter and retxtrned to the 

> * 

laimdry system storage tanlc for re-use. The activated charcoal 
canister and the bactex-ia filter can both be vacuum purged for long 
life usage. 

This system is designed to remove certain electrolytes as well as 
solids in wash water and can be recommended only for predictable 
soils and detergents. 
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FIGUrOi 3 . 3 . S PHECIPITATIOX - FILTWAflOX CONCEPT 


TO VACUUM 


TO VACUUM 


FEATURES: 


l^ATER . 

FJOM 

STOiiACE 


' — ^ 

-Acy 

i 



i- 


T 

' ' [ 

^ 





ACCUMULATOR 
I (Cl-fflMIC.\L /vDBITION) . 


DEBKES 
FILTER 



ACTIVALED 

CPw\RCOAL 

CiWISTER 


TO STOK/VCE 


RE^S)Vi\L OF CERTAIN ELECTROLYTES ~ COMPATIBLE WITH SOAP 
(BUILT OR UN^BUILT) ’ 

- '[ffilGKT PENjVLTY: 

BASIC SYSTEM . . / . 35 LBS. 

EXPENDABLES .... 53-6 LBS. 

Per ISO Bays 

- roVJER 20 - 30 V/ATTS 

- WILL KJMOVE PREBETER:II2;SI5 ELECTROLYTES (QUANTITY jL\B TYPE) , 
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RETCRSS OSMOSIS - VAPOR COMPRESSION (REF- FIG. 3- 3- 9} 


The iiiost feasible method of water processing is shovni in. figure 
3.3'9. The wash water is pmpcd into the reverse osmosis unit 
where the contaminants are trapped and the ” clean" water passes 
on through the membrane to storage. • The remaining water is direc- 
ted to the vapor compression S 3 ’’stom where the balance of contamin- 
ants in the w'ash water are removed. The processed v/ater then 
* > 

passes through a canister containing activated charcoal for odor 
control and into the laundry sjestem water storage unit. The re- 
verse osmosis system is designed to process 80 ?^ of the w^ater and 
the vapor compression system^ 20 %, ■ ■ 

This system is designed to remove all of the contaminants from the 
^vash A\'atcr wath a residue of approximateljr 1 %, 
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FIGURE 3*3.9 PjiVERSE OSMOSIvS - VAPOR COMPRESSION 


••’ROM 

STORAGE 


TO 

STOjUGE 


■# 


(- 7 =:::^ 4:— I pu>fp/ I j 
|( l( ■ )|COMPRE-j ! 


pn~’ 


I; PPU^SpiRE 
accuImulator 



•j'o c “t i V cl c ci I 
ciia’ccoa'l 


r^i - 


CONBUCTIVITY 

>fETER 

^ j 

— I O C> ! 

RELTEF i 
_ VilLVE j 


■rewrse osmosis system 


TO 

VACUUJ 


GONDEKSER 

1 




■~ir 

COMPlUiSSOR O ) 


EVAPORATOR i 


PiSTTOS^TTErNT ACC'lRlULATQR 
-VAPOR COMPRESSION SYSTEM 


- WILL REMOVE MOST CONTAJ-IINANTS FR0>: RINSE WATER 

« ) 

- HIGH, (200 - 600 PSiA) PRESSURE WATER 

- ACTIVATED CHARCOAL RSQUIRi5>*EN?S - 33-6 LBS PER iSO DAYS 

- OS>jOSIS SYSTE^f >IEMBRiVN:iS = 2 REOUTRED - 1 ON LINE AND ONE SPARE 
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TABLE 3-3.2 \/ATJ'E RECOVlAn" SYSTi'LMS COMPARJ'SON 


FIXEB i STORAGE 

DESCRIPTION W.(LBS) ! WATHl flBS) 

EXPENDABLES | TOT/vL 
(LBS) 1 E'T.ClBS) 

PONJ-R 

(V.'ATTS) 

REMARKS 

Filtration 30 

System 

1 

■ 

• 

<N 

33.6 

313.6 

. 

20/30 

Can bo used | 

with 37on~eleC“ 
trolytes only. 
Depiendent on 
concentration. 
Use non-ionic 
detergent 

Precipitation 

Filtration 

System ■ 3S 

. 

250 

53.6 

% 

■ 338.6 

' 

. 

to 

0 

Can be used 
with certain 
electrolytes. 

C u.<rp'JU— 

dent upon con- 
centration. Can 
use soap, built 
soap and ionic 
detergents . 

. i 

Reverse osmosis j 

vapor compression ; 

system I 

(So/20) 318 1 250 

1 

\ 

1 

i 

1 

* 

J 

' 

20 

588’ 

. 

» 

i 

! 

j 

! Weight penalty 
j- can be iiiipi'oved 
; with higher 
634 [ reverse osmosis 
;■ unit recoveries 
; Can be used v.-ilii 
• any electrolj'tc. 
i Can use soap, 

‘ built soap, and 
ionic detergent. 

Vapor ; 

Compression 570 5OO 

1 

. 

, 

i . 

1 

i 

1 

20 . 1 1090 

1 

i 

\ 

1 

Least desirable 
1375 from a weight 

and po\;ci' stand- 
point. Can use 
soap, built soap 
and ionic doter- 
; gents . 
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The complete liumdrj systera is shomi in Figure 3.3,10. Water 
and suds from the water storage section is transferred to the 
wai,hcr where it is used for the cleaning cycle. At the comple- 
tion of this cycle, the dirtj'- v/ater is transferred back to the . 
water storage section, and, held until cj'-cled through the \/ater 
recovery unit. When the dirty \/ater is Scheduled for processing 
it is transferred from the storage area to the two-stage water 
recover}'- section when all contaminants are removed. The "clean" 
\/ater is then returned' to the storage section and he].d for future 
use. Excess \i,'ater ex-cracted from the clothing during the drj-ing 
cycle is also .returned to the water storage section for re-usc. 


ss 







li'IGURE 3.3.1^” T^^VUNDRY SYS™ 


Regenerative Ilcjit 



Activated Charcoal - 33.6 lbs. per I80 days 
~ ^ lane ana 1 spare 


ri*? n 











3-3.6 


• \'7AT)ril USAGE 


The quantit}'^ of va'cer to be stored .in .a Space Station for 

laundr 5 '- use is dependent upon the water recovery process rate. 

VJith a lov,' recovery rate more water must be made available 

to satisfy the wash cycle*' requirements. The process rate., in 

► ® 

turnj is dependent upon the amount of clothing being laundered . 
and the type of detergents to bo removed from the w'ash Avater. 

A systems anal 3 >-sis is required to arrive at the optimum con- 
fig\iration for Space Station use. 

For the purposes of this study, a 20 pouiad laundry load was 
assumed, using a water solvent. It was determined that a mini- 
mm water recover}’’ rate of 22 Ibs/hr. would be required to sup- 
port a 12 man laundry system \\rith a two cycle recovery sequence. 
Figure 3-3-11 outlines the s’tored water requirement for rhesc 
- conditions and -Figure 3 . 3 . 12 depicts the water r ecovery rate 
for the candidate system. 
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ITGURE 3-3.12 WATIlR llECOm^Y RATE 
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3.3*3<6 Tiic laundry system concept presented is representative of 
State- 0 f“the-act ]iai‘dwarc presently undergoing evaluation. 
Other concepts are certain to be developed that equal, or 
. possibly surpass current systems, however, to develop these 
concepts requires a systems' analysis to define speh factors 
as proper detergent to be used, i.'ater usage rates, defini- 
tion of acceptable cleanliness levels, mechanics of soiling 
and the detergent action and optimisation of the selected 
design. There is a definite need to explore this area in 
greater depth before an. adequate laundry system can be de- 
veloped. 



3.4 


GARMENT PACKAGING 


In the logistics of Space Station, supply garment items one 
must consider the nserhed of packaging to achieve the maximum 
quantity delivery’ in the minimum transfer envelope, while 
maintaining the garment appearance. This task effort v.’as 
concerned with garment pickaging and investigated various 
folding techniques and packaging concepts. This efi'ort was 
concerned wath packaging for a Slq'lab mission and a 
Space Station mission. 

Tw'o folding techniques investigated in this study v/cre the 
flat fold configuration and the rolled configuration. Figure 
3 . 4.1 depicts a typical flat fold configuration for a duty 
jacket. Figure 3.4.2 is a comparison of the resulting folded 
vs. rolled volumes of flight items fabricated for use in the 
Sivy lab program. 

To minimj.zc the garment packaged envelope, vacuum- packaging of 
garment systems can be employed. This ractliod reduces the total 
packaged volume which in turn provides more available transfer 
space. Ivhen vacuran packaging garment items, consideration 
must be given to the method of garment stackup to miniiiiisc 
the effect of local increased garment thicknesses due to the 
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fiioiM-joiix eMa!'io.a sTdjfvs vV"C simoiji 




FI0UKE3.42 FLIGHT GARMENT ENVEMPE 


(Dimensions in Inches) 


I > 


a ROLLED CONFIGURATION 
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presence of padding, cuffs, collars, fasteners, belts, or 
ribbing on the gariucm;. items. By proper superpositioning 
of garmenu items, this effect can be reduced. Figure 3-4*3 
is a comparison between a standard folded configuration and 

a Vacuuni packaged configuration for a typical duty jacket 

' 

and duty ti'ouser item. 


Garment transfer from earth base 'to Space Station and re— 

t 

turn must be considered. Adopting" a modular packaging tech- 
nique v/ithin a minimised trans'fer envelope, the garment 






■ garment ensemble, consisting of jackets, trousers, shirts, 
hat, and shoes, can be packaged in one module and readied 
for ti'ansfer to tlae Space Station, and a leisure garment en- 
semble, consisting of trousers, shirts, and shoes can be con- 
tained in a sepai'ate module. This method allows selective 
re-supply of garment enscmb3.es as the individual needs arise. 
The technique is prcsentl}'- envisioned for the Sltylab program 
in the form of wardrobe rucksacks for each crew member. 
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F.TCrU)lE 3.4.3 vs. VACUU >1 PACK AGING 

(Cotton Fli^'.ht Garment) 

(a) STANDARD FOLDriD CONFIGURATION 
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Once a garment ensemble has been transferred to a Space Station 
there is a need for on-board storage. This can be aecoinplished 
by providing closet spa-ce for major garment items (trousers, 
jackets) or by utilizing rhe modular container as a transfer 
device and as a storage dravei'. Figure 3 ‘4- 4* is a representa- 
tion of the required closet yoluEie for hanging a trouser-jack- 
et combination, and shows a typical modular packaged garment cn- 
scmblcd. 
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FABRIC TESTING 


3 - 5 

■ A test program ’.vas performed on candidate materials 
■presently considci'cd for use in Space Station applica- 
tions. The test effort^, consisting O'C a laundering test 
series and a mechanical test scries^, v/as conducted to 
evaluate the effect on ccrta.ln matei'ial physical properties 
of continuous laundry cycles and to evaluate the response 
of various materials when subjected to thermal testing. 

The results of this test effort will aid the system designer 
in selecting materials for use in a Space Station environ- 
. . mcht . 


LAUNDERING TESTS 

Lauiidering tes'ts \fere conducted on test fabric swatches 

of candidate materials • and on three representative 
flight jacket items. Prior to initiating the laundry 

cycle effort, various wash cycle schemes were evalua,ted 

to determine the optimtun technique to be used. This was 

required because new materials, such as Burette, PBI, 

and Tef3.on were not laundered previously^ therefore, 
there \.'as not data available to indicate the effect 
of laundering on these items. 


00 


The baseline v;ash method 



established for swatch testing was a stemdard family 

white wash tecimique using a \/ash water temperature 

ranging from 100 to l6o°F and a cojnmcrcial drying method 

utilisang a hot-air, tiur.bling technique v/ith air tempera- 
tures reaching a iriaximuju of 2S0^F when the .load was 

•completel\- dried. For the representative flight garment 
testing, a wash method used for^wool fabrics was used. 

In this pi'occss the v/^asli water temperature was maintained 
at 95° and the tumble drying air remperature was a maxi- 
mum of l6o°F. 

The follo\,'ing figures presents the results of the laundering 
test effort. The paragraphs preceed.irg the figures describe 
the test method and the parameter measured. 


3. 5.1.1 F/J3RIC SHRINKAGE TEST - SubVTCHFS ' 

Swatches of candidate fabric materials were subjected -to 
shrinkage tests to dctcrm.ine the effect of repeated wash 
cycles on the slirinlcago characteristics of the various 
fabrics. The test specimens were washed b 3 '‘ a standai'd v/hite 

v/ash method and shrinJoage measurements made periodically 
in the cj^cle until the last- measurement at the 200th cycle. 
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Referencing Figure 3-5.1j the Curette (Monsanto) 
fiidment indicates the least percent of shrinlcagc and 
Polpbencimidacolo (PBI) the greatest. If shrinkage v;as the 
main selection crateriSj garjiienrs would be made from Curette 
filament or if a smoother hand is desired, a spun Curette 
which exliibits the second least percentage of shrinkage. 
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PERCENT SffKIiM^x'VGJi: 


__ET(}URE 

>1ATERIAL 


-3.- 5.'l- IGMiRfC SflRTNKAGl’: TEST 
cdm'GuItA^^^ - SMTCia^s 



EulIEER OF 


LAUNDERINGS 


iCEY: 

Burette (Spun) 


Burette (Pilament) 

PBl'" 

I . . Teflon 


/.L 



FA15RIC SHRTi\l\AGE TEST-GARMENTS 


3. 5.1.2 

Flight configured jackets^ fabi'icatcd from Burette, 

PBI, and Teflon were subjected to toi wool A-/ash procedures, 
and select measurements made perjcdically iii the C 3 'cle. 

- Four measurement points v/ere evaluated, sleeve length, back 
v.'idth, back length, and collar dimensi.ons, to determine the 
percent shrinleage at these points. 

Referencing Figure 3.5-2, 'Burette has again e:<hibited the, 
least percent of shrinicage in. all categories. Spun Burette 
tended to perform better than the Burette filament but both 
.bested the remaining tvro marerials. Burette v/ouid be selected 
• ■ for garment fabrication for' space use based on this test 
result. 
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^FIGURE 3.5.2 GAM SH 
^^ATERIAL COlw'IGUSATION ~ JACICETS 



A^umber of La.underiags 
Key: 

Curette (Spuai) 

-'.-.-.-.Curette (filac.cnt) 

• . PBI 

. . . . Teflon 
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3 . 5 . 1.3 


FABRIC TICNSILE STRERO-TH 


Fabric sv/atchcs were subjected to tensile strength 

tests periodically during the conduct of a 200 cyclic 

.v/ash program. This -test was accomplished by launder-ing 

the swatch by a standard v/liitc w^ash procedure for a number 

of cycles, then removi^ig the sv/atch from the 'niasli, placiiig 
■ ■ . « - 

it bctw'cen two mechanical jav/s, malcing three breaks in the 
fabric w'ctrp direction, then applying a pulling force until 
material failure. This test was conducted to evaluate the 
•laundering effect on candidate materials strength properties. 
This is impox'tant for long Jife requirements. 

Referencing Fxgurc 3.'5»3^ PBI exliibits the most strength 
retention of the materials tested, and v?ould be the selected 
fabric based on this criteria alone. The interesting initial 
decrease in PBI strength characteristics cannot be explained 
other than the fact that PBI is still being evaluated and 
is presently considered aia expei-'imciital fabric. 
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r-EKSTI.'E STUnXGTH (TOUNDS) 



;;50 ' 100 150 . ’200 

j^FJMBER OF lAUiXBERIX'GS 
Key: 


— Curette (Spun) 

Curette (Filament) 

FBI 

....... Tcilo’n 
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3. 5. 1.4 


' FABRIC ABRASION TEST. 


The resistance 03 ' garment dasiiagc by. f].at and Ilex 
abrasive forces is of concern and tests were conducted 
• to evaluate various fabric test swatches. 

The flat abrasion test was conducted by subjecting the 
test speciinen to the abrasive forces applied b 3 '‘ a very 
■fine sandpaper until material. failure. 

The 'flerc abrasion test was performed bj'’ bending the test 
specimen repeatedly over a sharp edge until material 
failure . 

Referencing figiu'c 3.5*4 Teflon far exceeds the other 
materials in. its resistance to flat abrasion and is a 
runav/ay candidate in terms of its resistence to flex 
abrasion. In fact, the flex abrasion test of Teflon had 
to be terminated at 122,000 cycles because the material did 
not even indicate any visible wear due to the test. This 
would, of course, be the candidate material v.-hcn consider- 
ing the abrasive stresses experienced by ga.rmcnt item.s in 


/O 


normal use. 





3.5.1.5 


FABRIC REFLECTANCE ^^E■\,SURK}li•!:x^iTS — FiMilNG 
Over extended periods of usage aud v; 'shing^ garments have a 
tcndencj" to D.oso their original coior and could cause problems 
from an aesrhetic standpoint m a Space Station application. 
Therefore, a material exhibiting a high degree of color fastness 
should be selected for this use. 


Test swatches were subjected to 200 v/ash cycles and reflectance 
mea,surements, ie. the measurement of the amount of light reflected 
back from a surface to the light source^ were made. The higher 
tl:!e measurement reading, the greater the amoimt of light re- 
flected Lack, and, hence, the greater the color fastness ot a 
material. In this test, each test specimen \/as measured prior 
to initiating the v/ash cycle and this value was used as the 
baseline against v/hich subsequent measurements were compared. 


Referencing Figure 3.5.5 Durette exhibited the least amount of 
fading, oi’ loss of color, than the other candidate materials and 
V70uld be the rcconmiended fabric for Space Station use if considering 


this parameter alone. 



.. RKf'I/KCTiVJx^CK REffflINCS 




Ntunber Lauftdcx'iiigs 
Key : 

. ' Durcrte (Spai) 

J’^T^ P'arette (TTila’.vient) 

?BI 

^?cflon • 



.5-1.6 F.\BMC REFLECTANCE MEASUREMENTS - SOIL TRANSIUHR 


The fabric reflectance test \vas repeated in a similar v/ash 
proccdure_, but this tiiiie clean snatches vjere laundered in the 
same wash v'ater as swatches soiled wirh a solution of 4 grams 
of Oildag-”- (graphite in mineral oil);, and L grams of Wesson 
oil made up to 1 litci' with perchlorethylcnc. Tbc^ clean 

, c 

swatches Averc contained in a net bag as A'/as the soiled sv/atches 
to prevent physical contact 'botAveen specimens. This test Avas 
pci'formed to evaluate the soil absorption and soil retention 
char-act eristics . of fabric materials . JMcasurciuents A>/cre made 
on -the clean sv/atches prior to the start of laundering and 
periodically during the A\rash cycle. Three cycles Av^ere accompiishca 
during this test effort. 

Referencing Figure 3.5.6 PBI indicated an increase in the 
reflectance measurement. This cannot be explained at this pointy, 
more testing must be conducted to be able to evaluate this material 
more adcquatcj.y. Of the remaining iiiacerialS;, spun Burette exhibited 
the least amount of soil transfer and Av’ould be recommended on the 
basis of this selection criterr.a. 


Trademark of Acheson Colloids Company. 


FIGURK 3-5.6 :^ABRTC REFLEGTAKCi^ -MEASHUii'ffil'jTS -SOIL 'I’lUXSn'R 


REFLECTANCE TEST RESULTS -.CDiilR AKR SOILED SWATCHES 
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Uppei' reading is the original racasui-cisicni and 
the lover reading' is the soiled measurements , 



3.5.2 MECHA\TCAL TJvSTIXG 


Tlu'cc mechanical tests were defined as cart of this study 
effort: 

(a) Crease resistance -testo 

(b) Fabric weave effect tesr. 

(c) Garment drape test. 


3. 5.2.1 


CREASE RESISTANCE TEST 


’A crease resistance test was performed on various fabric 
materials. This test v/as coiaductcd to measure the ability 


of a material to regain its original shape after being creased. 
The resnits of "this tost effort is indicative of materini? 
response to the creasing action occurring during normal wear 
and is representarive of a materials abi3.ity to maintain a 


relatively wrinkle-free appearance. • 


■Referencing figure 3.5.7, a blend of cotton and dacron 
exhibited the highest percentage of crease recoverj'" of the ten 
fabrics evaluated. For rhis "selection criteria a cotton-dacron 
wardrobe would be recommended. 
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3 . 5 . 2. 2 


FABRIC WEA\Tj: EFFECT TEST 


The v7eave effect upon material iinsulation properties was the 
first of two tlicri'iial tests. This test evaluated the effect 
of weave on the insulation characteristics of fabric material 
’./hen exposed to a gas stream of varj'ing velocity. Test ^ 
specimens of various pick wind end densities were placed in 

r « 

an air stream directly over a heat sink maintained at a 
constant temperature. The air velocity was then increased 
and the amoimt of heat flux required to maiiitain the heat 

sinlv temperature constant was measured and recorded. The air 

. > 

stream temperature was also measured and recorded. Data points 

were obtained for air velocities of 10^ 20, 30, and 40 cfm. 

From this basic data and the relationship: 

I = 0.88 hi-T (A) 

Q 


where I = fabric insulation value. 

(ii.T = temp. difference between air streaiii 
and heat sink. 

A = material area. 

Q = heat flux. 

the insulation values for each case A/ere determined. 
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The coiiclusions derived from this test were: 

(a) The weave effect upon material insulation is most 
pronounced at low ventilation velocities. 

(b) As the ventilation velocity may vary, the insula- 
• tion value corresponding to a material area ratio 

of ].00% should %c used. This is also based upon 
the fact that the material area i-atio is greater 
than 90 !^ for clothing. 


Figure 3* 5-8 depicts the results of the weave effect test 
conducted on four sample swatches at MASA-MSC. The curves 
substantiate the original analysis perfoTmed i 


j-ll 1. ^ 


of Garment Selection Criteria for a Space Station which was 
prepai'ed under contract ‘number NAS 9-9563 and revised under 
this contract. 


Gi\R>iENT DRAPE TEST ' 

Three representative flight garment.s, one confox'med; one normal, 
and one loose fitting were fabricated to be "used on a thermal 
manikin for the evaluation of garment drape effect on the insu- 
lation characteris-cics of clothing systems. ■ The fabricated 
garments consisted of a shxrtj jacket and trousers cnscinb’ic. A 



INSULATION - CLO 


FIGURE 3- >8 V.'DAVE EFFECT UPON >iATSRIAL INSULATION 
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garment sj'stcrn was to have been placed on the manikin and tlie 

manilciii temperature raised and 3naintained at a constant level. 

The distance bctweei^ the jacket a,nd manikin in the chest area 

was to be measured^ then the air velocity impinging on this 

chesr area varied over a range of 15 1:0 90 feec per minute. 

The change in heat fluor to maintain the manikin teraperature 

\ 

constant was to have been measured- and recorded. This test 
v/as to be repeated xising the three- different size flight gar- 
ments and the resulting data' used to evaluate the drape effect 
oji the insulation charactcristips of garment systems. This 
test was to have been performed at- NASA-MSC. 

Luc to schcdu3.ing conflicts the drape effect test has not been 
completed in time for inclusion into this filial report or into 
the revised MkbtBOOK OF GAllMEkTS AND ACCESSORY SYSTEMS SELTICTTON 
CRITERIA FOR A SPACE STATIOM . A Test Plan (BW-187) and Test Pro- 
cedure (BV/-190) have been approved and delivered to N.ASA->fSC as 
contracturally required. Upon completion of the manikin testing 
and use of these documents and handbook, the test data may be 
reduced and conclusions derived. 
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3. 5- 2. 4 CONCLUSIQKS 

The results of the fabric testing effort have been sumjr.ariaed in. 

Table 3. 5-^1. The actual testing performed is listed and tl'ie 

material exhibiting the most favorable response to the particular 

test> ■ numbered 1 and the material responding least faborably 

numbered 4- Based on ther test resxiltSj Burette exhibited the 
' , « 

most favorable response to the majority of tests conducted, 
therefore, this is the material recomiiiended for use in Space 
Station applications. 
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TABLE 3-5.1 FABRIC TEST BKbULT MATPJIX 
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3.6 


CRJ'IV/ SIZING 


The data used in the habitability study performed \iridcr contract 
hAS 9-9563 for ‘coirtputing the site distribution among a spacecraft 
crev/ \/as applicable to personnel on flying status survcj'cd in 
1950. The crew of a Space Station will not necessarily fit the 

A ' 

pattern established in the c;arlier study by virtue of changes 
in physical makeup and population segment. In tliis study cffoi't, 
the antlrropomorphie._ measurements req^uired to determine the pro- 
per sizing of crev; personnel has .been determined. In addition^ 
.bodily measurements related to 'the current astronaut-scientist 
population segment have been obtained from NASA and ;iuckn'i.''H 
the revised handbook. 

In this study of crew sizing;, two body dimensions-height and 
weight-form the basis of this sizing program duo to their high 
correlation between these variables and the balance of the bodily 
measurements. The remaining measurements essential to the siz- 
ing of clothing arc as followst 

( 1 ) Weight 

(2) Height 

(3) Crouch height. 
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. (4) Chest breadth- 
• (5) ‘ Neck Circumference. 

(6) Shoulder circuir.fcronce. 

■(7) . Chest circumference. 

(8) ■ Waist circumference. 

, (9) ■ Buttock circ'o^ifcrcrLce. 

. ; ' ■ - ® 

. (lO) Thigh circumference. ■ 

(11) Lov/er thigh circumference. 

(12) Calf eixeumf erence . 

(13) Ankle circuinfer-encc. 

•» 

( 14 ) ‘ Wrist circumference, 

( 15 ) Vertical trunk circuinfcrcncc. 

( 16 ) Knee circumference. 

( 17 ) Axillary arm circumference. 

(18) Biceps circumference. 

( 19 ) Elbo\/ circumference 

( 20 ) Sleeve inseam. 

Figui-e 3-6.1 is a pictorial representation of the above bodily 
measurements.' For definition of the above measurements see 
Appendix B of the revised he.ndbook. 
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’figure 3. VISUAL IKHEX-OF MISASURE>35NTS 




An analysis of the data received frc~ M1SA relative to the 
current astronaut-scientast popiilatic-'n indics-tes a siae shift 


towards the Jiicddmn-loiig/large-rc^ult.r 


era ot tiic siti.ng sched- 


ule. As \i?as the case with the 3-951 s~rdy, the majority of rhe 
personnel measured fall into the r.cdiun-rcgular category. 


Figure 3-6.2 represents the*crevf sice program for the current 
astronaut-scientist population and Figure 3-6,3 compares this' 
current size distribution ^.ath the original 1950 survey. 


Current outfitting of creumcn for space missions I'cquires 


'custom’’ txttang ot cacn anciivxau: 




f'-'cev/ nuii!OCi.-s XiiCretiSt 


for advanced Tnissions, this procedure becomes prohibitive from 
a time and cost standpoint. With a, stockpile of basic garment 
sj's terns, sized in accordance \ri-th the bodily measurements out- 
lined herein, entire crews can be outfitted with a minimum of 
alterations required. 
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IffilGHT (TN.) 


• FIGUKE 3 . 6,2 CRH',’ SIZING PROGIUM 



I'/EIGHT (LBS) 


(Size Categories for a 12-Size Prograrii) 

NOTE: 

Circled nujiroers indicate number of current 
astronauts/scientists fittiiis that particu- 
lar category, , . . 

X - Sth Percentile 
y -50th rcrcontile 
2 -95th 'Percentile 
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RI5L/\TK1) STUDY *AREAS 


In the completed habitahilitj^ study,, effort v/as expended in 
the area of spacecraft laundry systems and crew garment con- 
ceprs- In the performance of those tasks, several areas 
have been uncovered that require the generation of basic 
data in order to substantiate ce^jtain assumptions made in 
the study. 


SIM-IARY 

The pei'iormance of a laundry system has been assessed from 
an overall viewpoint a.nd tbe relative penalties determined . 

In the evaluation of this system,, several aspects of perfor- 
mance v/cre estimated based .upon current available data. In 
several instances there are wide variations in the data (be- 
tween sources) and in otlier instances, no data at all. Since 
these areas are critical in the determination of. the impact 
of a laundry system, investigation. of the areas presented 
herein is suggested. 

There are three general areas of investigation in i;hich mean- 
ingful work maj-^ be performed. These areas involve the deter- 
mination of basic laundering data. Each area is described be- 



BASIC LAUND]^IKG DATA 

The i’ciKOval of soil from clothing has Been historically in- 
Arcstigated by determining the adaptability of a nev/ fabric 
or garment to existing laundering techniques. These inves- 
tigations ha,vc been made bj’- .sueli organisations as the Amcri- 
■ can Institute of Laundering and the National InS'titute of 
Dry. Cleaning. Although acceptable means of clothes cleaning 
have been determined b}'^ careful adjustments in temperature^ 
selection of detergent; and quantity of water; the basic per- 
formance of laundrj’’ systems is presently not available for 

-*» • 

■ ’use ill space sration studies. The follov?ing areas are those 
elements that require investigation in order to draw an in- 
telligent conclusion in the field of laundry systems. 


.2.1 CLEANLINESS- CRITERIA 

One of the most nebulous areas concerned v.»ith washing systems 
is the aspect of clothing cleanliness. In order to determine 
both short and long term perxorma,nce charactei'istics of laun- 
dry systems, it is necessary to establish a measurement tech- 
nique for fabric cleanliness. 
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4 . 2.2 


LOA.B FACTOR DATA 


The load factor of a washer is the amount of clothing that 

may be cleaned per cubic foot of washer tub volume. This 

value has been found to vary from two pounds per cubic foot 

to five pounds per cubic foot. As this represents a 150 ^ 

variation^ an assessment 'of the 3 .oad factor versus cleaning 

. e 

performance is necessar}’’- 

4.2.3 \mm USAGE SATA ' 

In. the trade-off analysis made for a laujidry system, it is 
evident that the major impact upon, a space station is in the. 
use of water- The relative penalties of water reclamation to 
the fixed weight of the cleaning system indicate that a reduc- 
tion in the amount of water to clean clothing is desirable. 
Present analysis arc based upon a ”full tank" approach in 
that the effects of zero gravity (i.c. bubbles and v^ater col- 
lection) need not be considered. Since this is the heaviest 
approach, further investigation is required to reduce the amount 
of vfatcr, if possible. 

4.2.4 DETERGENT DSE EVALUATION; 

It is possible to remove a portion of the wafer soluble soils 
from clothing w-ithout deterg'.-.nts. If no dotcx'gent is required, 



obvious bciicrits . in. the water mauagoincnt arca.\\'ill be realized. 
Further study of detergents is required before the impact upon 
the water recovery sy.stem can be made. A proposed test v/ould 
be to wash t>''pical articles of clothing i;orn in an office en- 
vironi 5 >cnt and measure the effective cleaning. Disinfectants 
and germicides would be added to^ the clothing after removal 
from the washer. - The comparison' with a wash in v/hich detergent 
was present would be made. 

4.2.5 SYSTEM PROCESS DATA 

■ Another potenr/ial area of study is concerned \ri.th the other 
systems surrounding the washer system. These include the as- 
pects of ^,'atcr storage and recovery. T\/o primary areas arc con- 
sidered for evaluation -in this category. Both are described be- 
low. 

4. 2 . S: 1 b'ASH V/ATER RIiCYCIB 

In the vAter penalty analysis conducted during the laundry sys- 
tem study, an assumption was made that a water/dotergent solu- 
tion jnay be filtered and reused for each cycle as in dry clean- 
ing. The onl)’ additives to the '’suds” water \/ould be addition- 
al detergent to make, up for the ajiiount rcKiovcd \rith the soil, 
and the \/ater remaining :ui the c'Lothes due to absorption. 
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the \’.'ashcr “est unit,, the feasihility oi' this method may 
be verified 3.s a- miniram penaltj’’ process. 

4..’ 2 . 5. 2 RIl^SE m-xei PI.CCrSSING 

C oiicurrent v-dth vne suds recycle, the rinse v.^ater must be 
processed for reuse in ■file washer. With a pro'oer selection of 
detergent and suds rec 3 '‘clc, filtration with activated charcoal 
and milliporo filter appears to be a possible technique. A 
test effort would bear this out. 
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APPENDIX A 


gj\rmen’t design justification sheets 
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■ APPENDIX B 


WASMBUi VS DISPOSABUi GAR>ENT TRADEOFF STUDY 



INTRODUCTION 


111 the present space pregravi, the aspect of crev;- clothing in. space 
vcl'iicles has' been treated vith a low priority. The garment needs 
of the astronauts have been luinijiial in terms of overall penalty 
to the inissioii or vehicle requirements. V/ith the advent of longer 
missions and 3 .argcr crews, the clothing per^alty and associated 
systems arc no 3 .ongcr negligible and x'equirc invostigation. One 
such investigation is the basic decision to employ a laundry system 
on-board a station, or continue v/ith the present concept of clothirig 
storage and single cycle usage. . ’ . 

This paper presents the assumptions, ground i^ules, trade off and 
conclusion regarding the basic decision of the use of a laundry 
system in a space station. 



2.0 


TR\D£ cm STUDY CRITERIA 


One of the lucs’c tangd.blc (and coimnon) trade off criteria in the 
Study of coucepts for spacocraf'c use are v.’oigKt, voliuno aud po\,'oi% 
For the Apollo and Sl^'lab luissions, these parameters are o::trcmcly 
important due to the mission limitations and systems capabilities. 
For the longer duration missions v.'ith larger vehicles and greater 
boost capability^ these aspects may be reduced in importance from 
their present status to only one iifany equal considerations. 
Presented bclou is an assessment of the various criteria in the 


selection of any candidate system for use in a space station. There 
are six major categories selected for this trade off study; 


1 . Physical Characteristics 

2, System Utility 
3o Eelisbility 

4. Safety 

5. Interface 

6. Program Impact 


B~2. 



z:i 


PhYSICAL CHAUACTERISTICS 


The physical characteristics of a coJididate systc^n arc its v/eight, 
vol'one, pov,’Gr, woji’.ent of ' iiicrtia and the like. Although these 
criteria n-.ay no loi-j^ger be the primary considerations, they do . 
constitute one of the major aspects in a system selection. The vreight, 
volumG and po\';er may no longer ho totally liiriited due to launch 
considcratiens, hov.-cver, a ceiling still exists upon the total 
allocation of each of these and a system camiot exceed the allocated 
limit. 


2,2 


SYSTE>I UTILITf 


This criteria is a relatively ucv; a-spcct in. spacecraft system study 
as all of the nrevious systcsiis have had an absolute requirement, for . 
the items and systems on board, With the anticipated space station ■ 
environn\cnt being one of the • iuproved habitability from the previous 
space programs, the selection process of spacecraft items changes from 
its previous criticality to one of assessment of system usefulness. 

The element of system usefulness v.'ith regard to experiments and oper- 
ational systems will become more prevalent as future vehicles are con- 
cept ed, Under this categorj'-., such elements as crew time demand^ crew 
acceptance, and combined function arc evaluated. In the case of crew 
time demand, it may be desirable to occupj'- a portion of a crowtan's 
time v.fLth a routine task, to avoid boredom. Time saving may not be 
desirable for a large crew with regimented duty cycles. In the area of 
crow acceptance, the utility of an iten\ or system may be measured as 
to the anticipated use, once installed. The element of combined function, 
i, e. one system being used for several operations (not necessarily related) 
is also evaluated in the utility category; 



2.3 


-RSLL4BILIIY 


The criteria of reliability ha.s been the significant impact in 
tho design of space vehicle systoras to date. The aspect of fail- 
safe design and redundancy has been apparent tbroxxghout all space- 
craft systems. To this pointy the criteria of reliability and safct>‘ 
have been somewhat svAionymous as a failure of a system has required 

assessment of its impact upon niission completion. In the cstablislmicnt 

, « - 

of criter5.a for a study of a laundry- system for a space station, these 
two areas have been separated. The aspect of reliability is discussed 
below and safety in paragraph 2.4. 


The reliability aspects of system selection' are concerned with the 
probabilitj- of malfunction, failure associated maintenance time, 
diagnosis tinie. ret;a.ir time, and soar os a election. Also included in 
the evaluation of the impact of a particular system are the allow'abie 
alternatives in the event of failure. 


2,4 - SAIE'fY 


The safety aspects of system selection for a space station application 
are evaluated in the same mannei- as for the present programs. Hazards 
that may he present must be mjnimiacd or the candidate approach with 
inherently unsafe operation rejected from consideration. Such items as 
flaramabilitj', chemical stability, hazardous operating modes and propa- 
gating failures are considered in tliis category. 





The interface considerations are those concerned uith the jjnpact of 
the candidate S 3 ’'stcni npoh the surrounding systems. The criticality of 


this criteria is directly dependent upon the point in the program at 
v/hich the system is assessed. In the requirenents definition phase of 
a space vehicle progreau^ the interface criteria is onl 3 '' one of many 
critical aspects. This criteria, however, increases' in importance as 
the pi'ogram progresses. For ejcample, if it v/ere desirable to place 
a batliing facility on board an Apollo spacecraft, interface considera- 
tions render this proposal impossible. 


Interface considerations consist of the following items. 

■V • 

1. Physical Interfaces - shapes, mounting points, 

connections (electrical and mechanical) 
finishes. 

2. Functional Interfaces - cooling/hoating requirements, 

fluid flows, pressure drops, 
and temperatures. 

3 . Electrical Interfaces - power, voltages, electrical 

duty cycles, impedances, wave form 
' ' '• and El'll. 


PR01R.hM CO>-SinERATIOMS 


The last major consideration in the comparison of systems is the impact 
of the effort rcquii'ed no fa,b]\icate a flight system. This is assessed 
in terms of development effort, cost, schedule, required research, and 
future applications. 



3*0 


TRAl^E OFF STUDY CRCUKJ) RLTES 


The I'esults of a trade off study nay be chan^'ei considea'afaly by 
the biased selcotion of groiuid rules. For tbia’ rcvason, a paruitctric 
approach to the dctcrr,iijiatio)i of grouna rules ;,ficlds the greatest in- 
sight to the applicability of trade study corislusions . Presented in 
this section is the establishment of ground rr3.es and the selection oi 
candidate systems for compai'ison. 


3.1 


CREW WARDROBE AND CHAWCT: CYCLE. ' 


In determining the advisabj.lity of a laundr}'’ system, it is necessary 
to establish the amount of clothing to be voxa by the crew. A typical 
cbaiige cycle is presented in Table 1, In the selection of v/ardrobe, 
for this study, the quantity'- of items is baser upon intended crew use 
onJ.y, and nor upon intct'face, v.'oight cu- othe:.- coiibide-V-tion. This 
''baseline” value represents ah absolute miriiirra in the amount of 
clothing to be used by the crew- and offers the least v/oight approach. 


!,2 


GAK'ffiNT V/SiGHT 


Both in the case of '3.aunderable and -disposable items, the gament weight 
is an important factor. In fact, the actual garments may -be j.dcntical 
whether washed or disposed. Table 2 presents the weights of the "base- 
lin-e” garments and tho as sujri.pt ions made. Once the total weight is deter- 
mined, then a wear rate (in terms of pounds of clothing per day) may be 
established. By vaxyiiig this value, the effects of longer or shorter 
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TABLE V 


■ ■ BASELI>n5 CREW YA'vRBROBE 

Item 

ChauAC Tuterval (days) 

Jacket 

O 

Trousers 

• 3 


« 

Shirt 

1 

Brief s 

1 

Socks 

1 


■ Tablo :i 
I'AVRTIROBE VfflIGHT 


Item 

(Item) Wki.Aht (lbs.) 

Wca.r Rate (Ib/day) 

Jacket 

0.91 

0,303 

Trousers 

0.75 

0.25 

Shirt 

0,29 

0.29 

Briefs 

0.13 ■ 

0.13 

Socks 

0,025 

0.025 


Total Wear Rate 
•.c; i.O Ib/day 

B-6a 
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GAR^IEaT? VffilGHT (CONTES) 

v;caring periods or higher or lover garment; v/cights may he seen. As 

s'catcd above tho ^''bLis ori.no" clothing ellocation represents rho ’Tiiinir>mai 

garment: weight” approach. 


3o3 


DISPOSABLE GAK-iEKT CROuAT' RUT-ES 


. For each candidate approach, tiicre a're ideal ground rules in which an 
approach is seen at its best. The ground rules that favor a disposable 
approach arc these assuming light clothing’ weight, ],cv7 volume, impreg- 
nated germicides, and non-flammable materials. Although these aspects 
are desirable, there is presently no one material cxliibiting all of 
these characteristics. For this reason the following assumptions are 
made .Cor the disposable clothing; 

; A. Clothing Material — Gotton/Dacron or equivalent for outer 

' garments - (PBI and Durettc are compar- 
able materials) Ron v;oyen composite 
. material for underv/ear (briefs, sliirts) 

. B. Clothing VJeight - Rangj.ng between i.O Ib/day and 2.0 Ib/day 

wear rate. 

C. Volume - ’ 45 Ib/cubic ft. - based upon folded 

garment data 

3*4 LiVURDRY SYSTEM C-ROURD RULES 


Prior to the cemparison study of a disposable garment system approach 
v/ith a laundry system, it is necessary to determine which 
laundi^'- techniqiic is to be compared. Since thej'e arc many concepts, 
designs and cycles, a scrocning process is necessary. The first aspect 
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and cycles. 



3 .4 IAUM)RY SYSTEM GROUND RULES (CONT-B) 

is the I'ccosiiition that the laundry systcai consists of sevcra.l sections 
iiiclud;mgj 

1. Washer and/or dxy or. 

2. Solvent Stoi'agc Section 

- 3. Solvent Recovery Section 

. The schematic of the system is x^rcsertted in Figure i and each area is 
discussed bclov/. 

3»4.i - WASI-r»SR/PRYER SBGTIOR 


The 'rfashcr/dryer sections contain the' clothing agitation or tumbling 
provision necessarj' to cleaning. In the v/aslier this agitation may be 
provided by several techniq,uc:, including rhu motions of a rotary d-LUTu. 
oscillatory agitator^ mechanical vibrator^ ultrasonic input or high 
velocity jets. For various reasons ranging from the lack of gravity to 
inapplicability of techrJ.que to clothingj the only approach v/ithin the 
present state of the art is by means of an oscillatory, v.'asher. ^ This 
approach involves the use of a finced tub and centrally located agitator 
in \/hich the tub is completely filled with clothing and vrater. 


The drii-cr approach selected for this study is an air tu-nbling method 
in v/hicli jets of hot air are directed at the clovhing. These air jehs 
evaporate the water in the clothing and provide the tmabling mechanism. 


1, There have been several other concepts for clothing' mastication in 
2 cro gravity which may be applicable, however, for the purpose of 
this study, the oscillatory approach is used. 


C--S ■ 



FD'GURE r - LAUKDRY SYSTEM 


Regcnerata-Tc Heat 



Water Recorery Section 
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V;ASi-rn:R/DRYER SKCTIO?\^ (CONT-D) 

In each of these areas there are several ground rules to he established. 
These ground rules arc presented bcloy-c 




washrr/rryer section ground rules 


The requirements for a "baseline” vashcr and dryer s-ystem are; 

* * 

Water Required --3 5 lbs. v,'ater/lb„ clothing/rinsc cycle 
Load Factor - 3-3 lbs. clotliixig cu. ft. of v/ashcr 
Load Sice - 7 lbs, of clothing 
\vasher Use - 2 wash cycles/day 
V.'ash Interval ~ Weekly • 

Drying Time - 1 hour 

Wash Cycle - 15 minutes suds, IS minutes rinse 
Wash Temperature - 140 F. ' . 


CJ.JL a. it L L V 


resulting impact upon the washcr/drycr section will not be great. 
Changes in these variables will have effect upon s\ich sections as the 
v.'atcr recovery and power systems (as described in the next paragraphs). 


3,4.2 SOLYE^s-TSTORilOE SECTION 


in the reviev: of possible cleaning solvents, it has been found that v^ater 
is tlie most desirable. Its selection is based upon: 

1. "Dry" cleaning fluids are generally toxic and/or flamraable. 

2. Water vapor or drops are easily removed from the atmosphere, 

3- Reclamation process is intcrchangable v;ith existing space- 
craft facilities. 


Rased upon mosr conservative, "full 

5 --; 


1 . 


tardc" approach. 



!« 4.2 


SOLTOXT STOIUGE SECTiaX 


Tlie ainoimt; of water to be stored is a fiiactiori of the rate of v/ater 

rcccrcry of tho rcc?i.av.'s?fcion. systc;<i. Tlio aiiiount ei vittci' required for 

each v;ashing cycle is conservatively estii,ia,"ced ar 15 pounds per pound of 
clothing for the suds and rinsii^g operations. Assuming that 2„5 pc\mds 
of water a.re absorbed per pound of clothing, a sevcii pound v/ash requires 
105 lbs. of watcr/detergcnt-r<ii>:turc and 87.5 pounds of rinse v/atcr. 

Assuiuing that the siids ^’/ator may be recycled as in present dry cleaning 
operations, the only water recovery requirement is to process the X'insc 
\/atcr quantity. Assvmiing that half of the absorbed v/ater in uhc clothing 
is collected v;itli the rinse water during a spinning operation ( the other 
half removed during the drying operation)', a quantity of 192,5 Voz. must 
be processed. A rinse water stora.ge quantity of 17S ItiS, is required as 
the w^ash cycle may occur at any period in the day. Together v/ith. 105 
lbs. charge of watcr/detergent solution, the total storage quantity is 
280 lbs. As previously mentioned, these, values are dependent upon, the ■ 
specific amount of water assumed required to totally clean the clothing. 


3.4-.: 


WATER RECOVERY SSCTIOR 


The v/ater recovery section of a cleaning system processes the rinse 
\7ater' and x'enders it reusable in the washer. For the purposes o.f this 
analysis, it is'assxjmcd tbuit the suds water need no further processing 
other thaix the filtration prowidod in the w'asher unit. If further suds 
processing is required, the v/atcr recovery rate is approximately doubled 
and the storage quantity increases by 33fj. 


B-10 



WATER REC0\T1:RY SECTION (CONTH)) 


The candidate systeais for processing water include the follov/iiig: 

1, 'Filtration 
2o Air Evaporation 

3o Reverse Osmosis/Vapor Compression Combination 
4o Vapor Compression 

r ' 

For this analysis, a reverse osmosis^/vapor compression tcclmique is 
chosen for the recovciy of rinse \/ater. This selection is loadc on 
the basis of least weight. pov;er, and volvune v/hile properly purifying 
the v.'atcr„ It is also compatible \;ith the present concepts anticipated 
for the space station v/ater management system for. urine and hygiene water 
recovery. 


TRADE OFF MATRIX . 

The- summary trade off matrix is shown in Table 3- Each of the evaluation 
criteria discussed in section 2 is considered in the comparison of the 
candidate approaches. The trade off is based upon a 12 man crew and 
l80 day mission period.' A sunmiary of the results is presented hclovr: 


Criteria 

Laundry 

Disposables 

Weight 

X 


Volume 

X 


Pov/cr 


X 

Utility 

X 


Reliability 

- 

X 

Safety 

Equaj. 


Inrerfacc 


X 

Prograra Consideration 

- . 

X 
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OFF MATRrx: ( CONT ' » ) 


As it ?.iay be sccii from the abovc^ the ultimate selection is based upon 
the vcigliing factors employed vrl.t?i the criteria.. The sclccticn may bo 
changed with the bias-iv., assituptions- in terms of whether it is desir- 
able to obtain -an earth type cxistance on board the space station. 

The laundry system is ad'/antageous from the conventional standpoint and 

disposables from an expedionG)'" point of view, 

* 

By inci'casing the v/ardrobo requirement's for the crew, tlic comparison 
remains approxinately the same in that, the .rardcing is the same. 


■5.0 


CONCLUSION 


It is concluded that a laundry systera should be developed for use -in 
a space station. TMs position is based upon its ultimate use in space 
base (to simulate earth conditions) and its relative lack of complexi'ty 
in view of other space station systems. The "trade- off study" betw'een 
a laundry and disposables appears to be an analysis of the time period 

* X 

of switch over from disposables to the laundry system. 


A comparison of this problem may be made to the design of cai'ly environ- 
mental control systems.. The first units were relatively lev/ complexity 
sysren-is \/ith high o>yendablc rates (s-cored o>ygen. LirlriurA Hydroxide^ 
etCo^), In the next generation of systems^ the closed cycle or regeneration, 
capability w'as introduced allotting more mission payload. Although the use 
of disposables clothing is attractive from several vic\'points at this 
timCj it is a first generation so3.uti05i which will u'ndergo an ultimate 
transition to a more sophisticated approach to a laundry system. 
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TABLl!: 3 T^A1@1FF MATRIX 


CAR n i, OATIi: 

LAUNDRY SYSTEM 

WSPOSABLE CAR^fENTS 

I 

SELECTION 

Pivi-sira.! 

i 

Ttcm Weight 

(lb) 

i 

Jtem ■ Weight ' 

I,aundx>' System 

Ch:n : ^i-tor i si a cs 
V,’o.v^!it 

Gai'incnts 

(1.0 lb/ da. 3 '-man ) 

96 

Garmexxts 

(1.0 lb/day~man) 2 ,l 60 

y 


* 

1 

1 Packaging 

1 (?.% of clothing weight)— 

1 

™ 2 

Packaging - _43. 

i 

’ i 

; ! 



V/ashcr 

(vrocklj' Icadj two 
opera, tions a daj' ■' 

-10 

' ^ ' i 



[ Diycr 

60 . 




V/ater & Toxiks 

15 lb V('ater/lb clothing 

2 riix.se Q 3 ^cles/day— 

300 ' 

1 

, 

' 

! 



Rccovoi'j .System 
(rinse water otily) . , 

200 

j 



Expendables 

( detergent^ pr ccipitati ng 
agent .s) 

20 

[ 


1 

1 

Total ' -7l8_ lbs. 

I 

Total . 2j203 lbs. 

i 

i 

1 

i 







TABL1-: 3 TRMiK 


candidate 

I . LAUNDRY 

system 

.... . ***^'*^ 

!• 


Physical 
Characteristi es 

i 

( 

Item 

■ Volimjo (Ff^' 

iOout'd) 

Gai'iiscnts 



(45 Ib/ft^) 

2.1 

VolujiC 1 

. i 

! 

Washer ' - 

® 3.0 

! 

• 2.2 

• 

nrycT . 



© 2.0 Ib/ft'^ 

3.5 


Tankage 

■ ■ 5-0 

CT . * 

\ 

. Recovei'}’ System- 

— ■ 2.0 

h- 

IC- 

cst. 


Exp cndabl e s-- 


Total 


; -5 

15.4 


Pov.'cr 


Item 

Washer 

(cst) 

Dryer 


K eco very Sy s tern 


Foyer (Watt s) • 
200 


9^000 ETU 
required 
per cycl.c 


440 I’atts 
9,000 OTU 


Total Eicctrical 
Thermal 


DISPOSABLE GARMENTS 


SELECTION 


Item , Volume (Fl ) Laundry System 

Garme^its ■ 48 - 


Packaging 


Total 




Disposables 






TAHIii 3 TOADE OjF 


lAUNDRY SISTENi 


The laundry systcjn will be ultj.- 
•'matcly used in a space base if 
cax’th conditions simulation is 
a goal. Its uscful.ness an cxpcx'i- 
mcnt in early space station or 
•Siylab juissions is high due to 
its eventuai inclusion in sub sc:- 
Quent missioixs. 

to 

1 

i-’ ■ 

lO 

o 

Crow Thiie Demand The crow time dej-iand is approx-- 

imatcly one hour (not necessaril 3 ’- 
cojitinuous) once a week per 
member. ' 

This consists of transportixig,, 
inserting? remoring. folding 
clothing during' washing and 
drying operations. 



S 3 - St cm 
yti ] Ltv 

U s of nines s 


SELECTION 



The time demand for di.spo sable ' Equal 

clothing rcdixction oi- I’etiu'n • • Slight advantage 

to storage is included in the .to 31iRposab3.es 

normal, time allotted for di'ossing. 

The onl 3 '' time associated with 
garment preparation is concerned 
with i-eductioii operations such 
as incixieration? shredding or 
packaging for stoi'agc. 


TABLE 3 TilADh; 0)n''||)'?yiRTX (COXTij)) 



TABLE 3 TRADE 



MATRIX (COXT!’j| 


DISPOSABLE GARHEXTS 

SELECT! OX 



Vi rtu3-lly non-existent . . Possibl e 
acWition of germicide or odor 

Disposables 

depressant for stored used 


clothing. Only possible mal- 

. 

function occurs in clothing | 


reduction equipment (if necessary) 

•I 

1 

i 

Disposables 

t 

r 


I 

1 

f 

Disposables 



^ot.v 


i 


Int'crfacc 


Physical 


XAI3LK 3 TAAD3;|^.’ J'fATUIX (COXT 


1 


C;A N j J)ATE 




There ere no single point safety 
hazards (a failiu’c which results 
in cre^/ jnjm'y) in the laundry 
system. These are clljninated 
thi'ou«,h proper design and system 
concept. Minor injuries may he 
reduced (hands in rotating 
raachineryj hurns^ accidental 
discharge of v.'ater from washer) 
by the use of interlocks and 
guards. 


h'ith proper selection of material's 
and processes; no s-inglc point 
failure caii result. 






The laundry system contaiUvS 
the physical interfaces com- 
parable to tlie complexity of a • 
p)rcsent state of the art regen- 
erable carbo3i d'i oxide 'removal ’ 
syste.'ii. Tv'atcr, cabin . gas; 
elcctT'ical a.nd i:\ounting conncctior 
arc ncccs.sary. 




Equal 




Volvmie must be alloca.tcd for 
mission period storage for both 
imuscd and used clothing. The 
total, volume must be easily 
accessible to a crew member. 


Disposables 


TABLE 3 .Ti^/ 



IE f-iATRJX (COaT’^ 


DISP05jABLES ' I SELF'CTION 

Storage is passive, functional Disposables 

interfaces incl’acic material 
and fnre compatibility, with 
atmosphere and storage. 


None I Disposables 


»» 

Fabric development /or light Disposab3.es 

V.’Cight disposable garcicnt that 
is absorbent, vear resistant 
and strong. 







TAUT.,-: 


n 

O 


iRi.ax (cosr> 



CAaPJ'JSATJJ 

Cr<Tr;.KL\ 



SELEC'T.TON 


X-'.r. t.'/A’-'-Jcdulc 


Tho cost' of these systems 
(>;asher/dT’ycx’) is due to the 
deyclopmcnt of two items which 
have never flov;n previously. 
They ai'c^ however^ witliiu the 
state of the avt and are not 
complex. (Estimated 10 million) 


I'/lth fii'e I'Ctardent material 
average cxpci'ise and labor at' 
v’300. per daily wardrobe - ‘ 

$6;j0.000. for 3. 180 day period. 


Bispo sables 
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